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Contact sensitivity to picryl chloride was investigated 
by ID.eans of the ear swelling test and a radiometric test 
in order to establish optimal experimental conditions for 
these assays. Contact sensitivity was demonstrated as 
soon as 2 days after sensitization, with a maximum re-
action 3-4 days after sensitization, when a 48 hr test 
reaction was registered. The test reaction was followed 
for 72 hr and maximum was arrived at after 24 hr and 48 
hr for the ear swelling test and the radiometric test, 
respectively. Optimal sensitization was reached with a 
7% solution of picryl chloride and a maximum test reac-
tion was found with 0.75-1.0% picryl chloride. It is con-
cluded that both assays measure contact sensitivity in 
quantitative terms and a future replacement of the 
guinea pig maximization test is discussed. 
Contact sensitivity to simple chemicals h as been studied both 
in guinea pigs and mice [1-4]. The progress in genetics and 
murine cellular immunology with elaboration of lymphoid cell 
markers together with more convenient handling and lower 
price has brought the mouse into a favored position as the 
experimental animal of choice for many studies on contact 
sensitivity. Several methods to evaluate and quantitate the 
inflammation evoked in the skin by the contact sensitizers have 
been described [2-7]. 
The aim of the present work is to elucidate th e optimal 
experimental conditions for studies on delayed skin hypersen-
sitivity to picryl chloride, a common skin sensitizer, with respect 
to the evaluation of the skin sensitivity by means of the ear 
swelling test (EST) and the radiometric ear index test (RET) 
[8-11]. 
MATERIALS AND METHODS 
Animals 
Inbred, male CBA mice, 8-10 weeks of age, obtained from Anticimex, 
Stockholm, Sweden, were used. Groups of 5 to 9 mice were housed in 
each cage and fed on standru'd mouse pellets and water a.d libitum. 
Chemica.ls 
Picryl chloride (PiCl, BDH Chemicals, Poole, England); Tritiated 
thymidine (spec. act. 6.7 Ci/nmol, NEN Chemicals GmbH, Dreieichen-
hain, W. Germany); Methylethylketone (MEK, E. Merck AG, Darm-
stadt, W. Germany); Soluene-lOOn and PermablendH-III (Packard In-
strument Co., Downers Grove, Ill., USA). 
Sensitization 
A modification of the well-known epicutaneous method used by 
Asherson and Ptak [3] was used. Picryl chloride (PiC!) recrystallized 
twice from absolute alcohol, was dissolved in methylethylketone 
(MEK) in concentrations from 1 to 7% (w/v). Two hundred microliters 
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(ul) of PiCI solution were spread once onto the unshaved abdomen of 
the mouse. Control animals were treated in the same manner with 
MEK alone. 
Cha.llenge Procedure 
With the animals under light ether-anesthesia the test eru· was 
challenged by the application of 20 ILL of 0.25-1.0% (w/ v) PiCI in MEK 
on each side of the ear. The opposite eru· of the mouse (control ear) was 
treated with solvent alone. Challenge and evaluation was performed at 
the same time of the day to avoid the influence of diurnal variation on 
the test situation [12]. 
Ea.r Swelling Test (EST) 
For the evaluation of the contact sensitivity the thickness of both 
test and conb'ol em' was measw'ed by an engineer's micrometer [3] 
(PAV, Priizisionapparatebau, Vaduz, Lichtenstein). Each animal was 
challenged and assessed only once. The ear swelling was expressed in 
percent according to the following formula: 
test ear - control ear 
--c-o-n-:-tr-'ol=-e-ru-'-- X 100 
Radiometric Ear Index Test (RET) 
The animals were labeled by i.p. injection of 10 IICi tritiated thymi-
dine in 0.5 ml saline at various times prior to challenge. At given 
intervals after challenge the animals were killed by cervical dislocation 
and punch biopsies (diameter 6 mm) were taken from the apical prut 
of the eru·s. The biopsies were dissolved individually in 0.75 ml Soluene 
during heating in water-bath to 80°C for 2 hr and then transferred to 
a Permablend-toluene solution (5.5 gi l) and counted in a liquid scintil-
lation spectrometer (lntertechnique PG 4000). 
The contact sensitivity of individual mice was expressed as an index, 
a ratio of the recorded radioactivity in the biopsies from test and 
control ears. The ratio was transformed logarithmically for statistical 
evaluation [9]. 
Experim.enta.l Design 
Following sensitization and 3 hr before challenge, unless otherwise 
stated in the text, all animals were labeled with tritiated thymidine. At 
given intervals after challenge groups of mice were killed, the thickness 
of the ears was measured and punch biopsies were taken for the 
radiometric test. Thus the contact sensitivity of each mouse was 
assessed simultaneously by both the EST and the RET. 
Statistical Analyses 
Paired groups were compared by Student's t-test. 
RESULTS 
Sensitization Dose 
In preliminary experiments sensitization was pelformed by 
application of antigen to the clipped and shaved abdomen. 
However, to reduce the handling of the animals sensitization 
was subsequently performed by spreading 0.2 ml of PiCI in 
MEK as a single dose onto the untreated abdomen. With this 
swift procedure a reliable sensitization was obtained in all 
animals by PiCI concentrations from 5% (Fig 1). 
If sensitivity is defmed as a reaction stronger than the mean 
plus 2 SD of the nonsensitized control group, then 6 out of 9 
animals were sensitized by 1% PiCI and 6 out of 8 mice by 3% 
PiC!. However, if groups of mice are compared both 1 and 3% 
will sensitize the animals (p < 0.02 and p < 0.001, respectively). 
In these comparisons the EST and the RET seem to be of equal 
310 BACK AND LARSEN 
sensitivity, since the animals were challenged by 1.0% PiCI, 
which is a high test concentration. 
Test Dose 
Pilot experiments had revealed that 1% PiCI in MEK gave 
strong contact allergic reactions. The histological examination 
of the ears had shown a massive accumulation of inflammatory 
celis, below the epithelium and sometimes even minute necroses 
in the epithelium itself. Thus experiments were designed to 
elucidate the dose-response curve of the established contact 
sensitivity. As shown in Fig 2 (filled symbols) there is an 
augmentation of the response with increasing concentrations of 
PiCI. The RET seems to be more sensitive under the prevailing 
experimental conditions, since maximum response is reached 
already at 0.5% with a limited but not significant potentiation 
of the response with 0.75 and 1.0% PiCl. The EST on the other 
hand shows a significant increase of the response when the 
concentration of the test dose is increased from 0.5 to 1.0% (p 
< 0.02). 
When groups of nonsensitized animals were challenged with 
the same test doses in order to reveal nonspecific or toxic 
inflammation caused by PiCI, it was shown that 0.5% PiCI gave 
significantly less nonspecific reaction than both 0.25 and 1.0% 
PiCI, as evaluated with both test methods. Furthermore, in the 
EST the nonspecific inflammation caused by 1.0% PiCl was 
significantly stronger than any other test concentration (Fig 2, 
unfilled symbols) . 
Time Course of the Test Reaction 
In order to elucidate the influence of the time interval be-
tween challenge and evaluation of the response, groups of 
sensitized and nonsensitized mice were challenged and assessed 
6, 12, 24, 48 and 72 hr later with both EST and RET. The 
results are displayed in Fig 3 and 4 respectively. It is evident 
that the 2 tests differ with respect to time of maximum response. 
EST (Fig 3) gives a maximum response at 24 hr with a slight 
decrease at 48 hr and a significant drop to the 72-hour-Ievel (p 
< 0.005). RET (Fig 4) monitors a reaction developing more 
slowly with a peak at 48 hr and significantly lower values at 24 
hr (p < 0.05) and at 72 hr (p < 0.01). The responses in 
nonsensitized animals did not differ significantly at various 
times after challenge assessed by either EST or by RET. 
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FIG 1. Sensitization dose. Groups of mice were sensitized by spread-
ing 200 !Jl of PiCI dissolved in MEK over the unshaved abdomen in 
concentrations from 1 to 7% (6-9 animals per group) . Challenge was 
performed on day 10 by the application of 20 Ml of 1.0% PiCI in MEK 
onto each side of the test ear. The opposite ear (control ear) was treated 
with the solvent alone. Contact sensitivity was assessed 48 hI' later 
simultaneously on each mouse with both the ear sw~Uing test (EST = 
e) and the radiometric eal' index test (RET = .). Control animals 
(unfilled symbols) had only solvent spread over the abdomen but were 
challenged and assessed as the sensitized animals. Mean ± SEM. 
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FIG 2. Test dose. Sensi tization was performed with 7% PiC\. Groups 
of 6 mice were challenged on day 7 with increasing concentrations of 
P iCI (0.25 to 1.0%). Contact sensitivity was assessed 48 hI' later wit h 
both EST (e) a nd RET (.). Nonsensitized control (unfilled symbols) 
animals were challenged and assessed in the same way to reveal 
nonspecific inflammation. Mean ± SEM. 
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FTC 3. Time course of the test reaction. Mice were sensitized wi th 
7% PiCI in MEK and challenged with 1% P iCI on day 3. Groups of 6 
mice were killed at given intervals after chaUenge and contact sensitiv-
ity was assessed with EST. Groups of' nonsensitized control mice 
(unfilled symbols) were treated similru'iy to elu cidate the kinetics of 
nonspecific reactions. Mean ± SEM. 
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FIG 4. Time course of the test reaction. The same animals as in Fig 
3 assessed by the RET. Mean ± SEM. 
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FIG 5. Longitudinal development of contact sensit ivity. The animals 
were sensit ized with 7% P iCt Groups of 6 mice were challenged with 
0.75% P iCl at various times fl·om day 1 to day 18 after sensitization. 
Contact sensitivi ty was assessed simul taneously with EST (e) and 
RET (_) 48 hI' after cha llenge. Mean ± SEM. 
Longitudinal Development of Contact Sensitivity 
The contact sensitivity can be demonstrated very early after 
sensitization as shown in Fig 5. Within the first week the 
sensitivity mounts to a maximum with a subsequent significant 
decline to a plateau for a prolonged period up to at least 20 
weeks (not shown in figure) . When the 48-hr-reactions are 
studied, the radiometric test detects full sensitivity on day 2 
after sensitization, while the eal' swelling test gives a maximum 
response on day 4. 
Label ing 
In a separate series of experiments the time interval between 
intraperitoneal labeling and ch allenge was varied in the range 
15 min to 48 ill'. It was found that the radioactivity recovered 
from t h e ear biopsies declined when the interval between la-
beling and challenge was increased. However, the index (counts 
per minute of test ear over counts pel' minute of control ear) 
was very constant over the whole period studied. 
DISCUSSION 
This study is an inquiry into the experimental problems 
associated with the quantitation of delayed-type hypersensitiv-
ity in vivo. Since Crowle and Crowle [2] showed that contact 
sensitivity could be assessed in the mouse, a number of more 
objective methods to measure delayed-type hypersensit ivity 
has been described [3-9). We have compared two of these 
methods, the eru' swelling test (EST) and the radiometric ear 
index test (RET), for the evaluation of contact sensitivity to 
PiCl under various experimental conditions. 
It can be concluded that both methods al'e simple, inexpen-
sive and reproducible. Thus the experiments can be planned 
properly without irrelevant considerations of t ime-consuming 
handling of animals or tedious laboratory procedures. Both 
method s can be used simultaneously; the EST may be used 
several times in the same animal, while the RET can be applied 
only once. 
When these 2 methods are compared it is important to note 
that the EST measures both the edema and the cellulru' infil-
tration of the test site, while the RET is more restricted and 
only records the accumulation of newly-formed inflammatory 
cells. The comparison of the dose-response curves of t he 2 
methods shows that the radiometric test is more sensitive with 
a maximum response at a lower test dose. The difference, 
however, is slight and may be due to the time COW'se of the test 
reaction. In our experiments and comparisons the test site is 
evalua ted at 48 h1' after challenge. Then the RET shows definite 
maximum response, while the EST is better assessed 24 h1' after 
challenge. With the same asseys but a different antigen, bovine 
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serum albumin, and another species, the rat, the same sensitiv-
ity of t he 2 methods was obtained [11]. 
T he kinetics of the test reaction with peak responses 24 and 
48 hI' after challenge are consistent with previous reports 
[3,6,7,10,13) and strongly suggest a delayed-type hypersensitiv-
ity. A humoral immune response with both reaginic and agglu-
tinating antibodies may be raised by painting the abdomen of 
mice with P iCI [14,15]. However, the test reactions evaluated 
at 6 ill' after challenge do not indicate the presence of an 
antibody-mediated response (Fig 3 and 4). 
Contact sensitivity in the mouse develops eru'ly with a peak 
response during the flrst week after sensitization. This is in 
accordance with results obtained with other methods [10,13). 
The subsequent decline of the reactivity to a plateau for the 
coming weeks is probablY due to the appearance of suppressor 
cells [16,17). This information on the longitudinal development 
of the contact sensit ivity may be of value, since studies on the 
afferent phase of the delayed-type hypersensitivity reaction 
may with preference be evaluated early after sensitization. The 
efferent phase, on the other hand, can be evaluated later when 
the reactivity is stable. 
A previous study [9] has demonstrated that the amount of 
tritiated thymidine injected into the animals to label the inflam-
matory ceUs is not critical as long as the contact sensitivity is 
expressed as a ratio of the recovered radioactivity in test and 
control ears. Our results extend these findings, since the ra tio 
was not influenced by varying the tin1e interval between label-
ing and challenge in the range 15 min to 48 hr. 
Throughout the experiments we have used MEK as solvent 
for PiCl instead of ethanol and acetone used by others. The 
reason for this is that we consider acetone too volatile to permit 
uniform PiCl concentrations in large animal experiments. 
Ethanol on the other hand does not dissolve PiCI readily at 
room temperature. For many years we have used MEK as a 
solvent in patch-testing of humans without toxic effects. 
Both the EST and the RET offer opportunities to meaSUl'e 
contact sensitivity in quantitative terms. As discussed by Lef-
ford [9] true sensitivity may be defined by analyzing the reac-
tions to a sensitizer in a large population of un sensitized animals 
in order to establish t he limits of normal sensitivity. Then, by 
definition, any reaction which significantly exceeds t hat of t he 
nonsensitized population constitu tes hypersensitivity. Not only 
po tent sensitizers like PiCI, oxazolone, and DNFB have been 
used to sensit ize the mouse. Recently experimental contact 
dermatitis to a weaker antigen, toluene diisocyanate has been 
described (18). Thus it seems possible to use both the EST and 
the RET for experimental work to establish a mouse maximi-
zation test in analogy with the guinea pig maximization test 
according to Magnusson and Kligman [5]. 
Finally it should be mentioned that if ow' results are to be 
applied for studies ot other contact allergens, careful control 
experiments should be pelformed with regru'd to sensitization 
procedure, time course of test reaction and longitudinal devel-
opment of contact sensitivity. 
The authors wish to t hank Ms Astrid Lundgren for excellent tech-
nical assistance. 
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